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s g^s 3?8 mm- ±7i. mm «fi a s-yi m^^mm aoiD. 




® '^'^^ ^^^^ ^ "^^a^ 

Wf S3. (Oiiteya AAidii et al.. Awl. Phys. Lett., Vol.55, pp. 1483-1491(1 989) ]0§ iTHAJS 4:7J 

?50iiAi= m- ^a s^a^ stj ^a s^i«ni a^s* s ^^msi ^21 °7i#© m 

Sofil Si^l CHgOiP-. 

iSI'-J^l; Jz J5!?9 "^l- Wws- Lett.. Vol.51, w>.913-9I5(1387)]CHl THAIS ±7i § 4s 

m^nm {oisk -Aiq-sm &)oi m 4=^5) ^^hjg aii^g sg*Ki. 

^^S'JS. A. VanSl!4ce et al,, Appl. Phys. Lett., Vol.69, pp.2160-2I62 (199B)1(H :7HAJS 

^ofc!2:£ ^saoi, s 4s##]u #a?j- ^gi sra, ±7* saw/j^ s 4=^«oi » sxisw a 

OI2f ^1, AfgSf^ aSM °j5j S» 4:^#, g §1 g^#2| :?«4iM /^^Sg7il Sim 

sa 4i t&aAi. irsj 3a4^(f?ffi)e! sj*?, ^i? a g4«o| ^^ B4sg§ ss^ °y\ a. 

S7| a. ^XHHI 2)51 SOJ73^ Ol gA«2f goj^ ofgei- 2^0 ^ah^. a, ^ah w||n. 01 

gg 2ss!ss 5j4!! UI73 s.^7iiiei s.^ 21mm ms\^ nasi 3^|S7^ sxioT)q"sM lag 

^ 105:S SAia^ (4-(PA|DfirlHll?S)-2-Df|l-6-lSEl-4-^-aiy)-4H-iI|S!- (OlsL W 

giai;j2 a-) gsj aoiTg i^±n weei ocmtd xBM7f Ai^sa, usiu. Q\s.m mm Jneg Ates^ s 
71 EL ri:?^KHi siOiAi^, mm **&^Ai?is 201 £g^5^aa 
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3 '•[-.y*^ 'i- -V 



f iff if Iff If:' i; i ^1 ? •■ ■ : • • -'^ 



wHi AKmae tmm# Jsssfe aoia. ^ tt ■ o. 



l^lgM^^gf g?i s?i ^^if ±woii aoiAi=. ^^©#01 oia^a ^EjffiM smMt 
ssxns ^sas tft.^^ a^i ssshjc 4= 2i= ag 



ym ^£ SQ. 

0ia#2F ?|&S :?S£J^ s^ti-MS^ tPI 5m<i^ IS SAIEIfe MXF I 

§21 Ris gxF, s^sa s» E£ a&:?io!oi, AS as:?i2! 3ioi H^e^H:^. 




mm :?2:m y^B tmm^ mmmm siofAi^. s-st^ otJi ^ehm §s§^cw -sjah 
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^21 glXK ^^-Sa UT^ 4^^ 2iQ. 
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£E*^ mm IS sAisife mims: lo} t^i m%^^ ms. sAias =?zs 7mm. smu ab 




AID 




Eti-, tl*J-A> E XAIEI^ Sf-l,^s^ a:7^^^7I sf^J-A' All^ 5AlEi^ SXf 7|-73Dj. All 
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^l-f'n?lz^..^#>'^- ^^tM^ A7i-^pi tht>A| Ai3^g SAia^ imm m^^^ AIS 
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m%^^ 2^ iEAia^ t^t^e^ A7f tV?\ Mti:^ A16£S SAIEI^ t}*!-^ A16 



i!Si?J„iii ^i^of .'^'^^^ tft.^lg St:'! mm SS £AI£fe S» 7m MEJ>;(2-ay 

xl s S Jul CI a s -i-5c yJLr. 




f f«f S^M XBSg □ 5tf§H3l, OiEimHF ^Mi! ^^3^ at^gSK ^S^g S^e ?l 
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oiat> fci^M xisg A^§t^ss« *^ ga- nfiss sj^ ^ss3q^»i s§ 4^ situ s 
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a^^l 7tetlSD. 

<^^S§ ^Al5F7| ^It.^ ^EH> 

£ 1^ s ""-^oj o»^;^| ^BHOilAiSJ °7i ^^ir 4:A1- (OltL *87[ EL 4:73-*£^Il t.^)^ UEi- 

£ lOil U£h\ij dm g-OL 871 a ±Ah (lOO)lHj SiCHAI^ 821 7» (I) ^ 

^ S^(?>'^) (2)7F ^^£|E}i 2iQ. S (2) &^08S 871 XiSl 3ttltfe § 

(3). 871 m^m b w a* 87i »sg ssm^ (5)7f ^A-iots ««£ioi a 

D. atf. (5) SmflS 871 X8S# S 7m% (6)01 ^SEIOI Xiil, S S^Qg (6) ^ 

sx^^a 3^(g^) (7)01 ssaol aa. 

(5)~ 3 XFifi7f 01 ElEi- 871 01 am tfe^s^ ^^E' ^£ 2^I2/?£^ ESE^yM Ol^lth 87) 01 
£1^ tftTMl ^trW 

m% MOi. s ^'AioncHi s^oiAi^ h:^^ ihschi ^^ir oiae 8EX-Il^ 

oj^oiAi^ 871 oiEie m^m\ ^traoi siq. oi 87i oiei^ t^t^^Me^ t,^8irs a 

a^^, XilS^Ai- Oflg S3 tf71 tm^iii 9^ iLAIEl^ 7^2! 4.4'-bll^(7eHl-l-S- 

^)billiy (Ol^K CBPE^H tr)0| AF^SQ. 



^^i^s 5IKI 4^71 °7i oiEiM m^m^S: o\i\ tm^ is sAia^ 7h2 soi Bi-ir 

711 UE^yiCK 
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mm mm. -a^i (n=) lh;^ io), ny^i. u517l -cn, -H(UL*.h (n=i mxi lO), -coocju, 

{fFl LH73 10), -CI, -Br, -I. -{Ot, -{KA^OlCf. 
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<m^^ Aii> 




tm^^ Ai iHXi All SHI R2 LHxi Ri2^ ^± sxK -^-^2? iEE^ tm7\o\a. mm moi. m 
im -ui^na [tH^im 10). lay?], u^my\. -cn, -N(c«H:«4i)r (n-i lhxi io). -cqooht^,, {n=i 

LHTa 10), -F, -CL -Br, -I, -OCH., -OC^i^gOICK 

0171 ^EHS g^5M3! LH73 2gH73^°l ^^fe 2101 ^^stHIf. 

oiaM ati-w# mmk\9^ ommm mm^ ^s^nm ee^ mmiBAms^^m ize^q. 

01 Q\E\E tmi 1 M [HI mm ^£XSM 3 M 01^ Sj-gAIZIQ. oiag m^gSAI^ 

M£i^(0fA«10WMU0|E)0IE|§(lr(acac)t), S£^ StmiEIS AF^^^ ^ 2iQ. OI7IMAi ecac* 



naHQL SfW^^^^ Ofsg^ ggoj oj-g «^ah^^^ q^j^ aj-eh § LH^^ 3/42^ 

HIm^ SXF ^SOl gtSET ^St.^ BI7I ^^EH7F ^S&IDj, CH^^ 1/42] UjgS i:::S01 ^g^mot ^ 
S 1^7}:^2J t.^01 001 £1^ §St^ 0^7! ^^EH7F 4IS^tQII OtT^XIH S^CK 

OIM 2e^2j Dj7l ^^EH S SSt.^ Oj7l 4^EHl}i! Si^ 27:F7F 7|7^ -fe^EH^ 2!01*^Oil im m^^- ' 
Sl^-QIdFH ^Bi^CK ::!i5}0i ■&^g£iDI ^^^t.CK LQ^m. SITS ^71 EL ±X[ MSJ 

Zi-S, 0171 4^EHDij 2i~ 2»7F 71S 6fEHS aOltJ-(HI [Kf ^^1^1^ 2^ 'eUT'OIEFH MEIS 



^i9^4' if/ 



R 1 




^12 



i a. e]ii-#;i!3oi sTjabi, dj^hisj isiei- aaoa ni-ag 9is (oi ^^m^ ym ^m'^ H 

^ ^gtj)oi ^Bo\ mwtit 2^21 g;^^ sjbw 4= ao. nKfAi. o(7i &^ehm sis sw^k < 
aoioKB gwspi ?i«iAi=, soisfe s^2i aj^iisoi mmti aroj etsm §fl 

umM. 3^ s§nAt= S£ oisfsi ^ s^mb s^^st= 

OS* 13, §EH2i »4« a xfiggAi Afsas Bcm aes ^st.^ oi7i 

g^sfffl 2345 301CB. 01 xaeoi 20JA1S 0J7I ^•fli aa b 3/4s »;qs^ 

ym S71 a ^twwi siCHAis, mm ss» tf^Ai9is 2101 =£mH>. 
oiM mtm, ^'-stf Htsu SOI & ^aii»°i s7i a (mm mAi^, (5p^ sji!! lh5q a 

e|X14?2j g-^UeeAj ^Pi is SAJEIS 7e Oia§ at^sS 5t}tF7l msoii. 

Q. 0I2F 01 aOIAiS 0j7l ^ffl BM B Oi^' 3/4g UBLHS 0171 fe^l SSSF 

3aa, [M. A, Baldet al.. Applied Rjysics Letters. Vol. 75, Mo.l, p4 (1^)]{HI SiDIAl^. ^71 M 
15 SAiaS 7ra S7I OIHlg tmm^ SA}*r 7ra S7I OIHIS m^mOl Tfl 

Aigoi 2iD. aau, oi7im ^ais s7i oieis m&mS: lymasif oiaes ^lit? atfgoioi. 
□-. cK^Ai, 01 stJM :9iAis aymaas oias^ oi^oTas ^7i oias mt^m s^&^s ^ 

i^s, a MMmm aofAjs ?i&a» ssaiaf oiaga ^tm ^7i oiaM tmg» A^gsm 2{7i nis 
«> fflymaeaf oiagog oi^mTas ^7i smmm- uiiasi-oi §23 a^j^js ssajsis 301 7t 

feSISa. [&aAI. S SAIOSOI SJOIAIS, lHXI StSXIi!! S^WI ^^jeg* OiaAl?!^ 3!0i 7m 

oi79 s!*? LH?a 2.^jm siroi 7hst3- S71 a ±jim m^'m ^ sta sjo. 

I tft^s?, Sf7| S^tf^ 2g 5Aia= MXJ .^^S 2101 HUf 

aw. sTj «s-7is lferhoj, as mmtm n 
Bym UERHJi> ife =?2.m ^^tm ^#§^s a&7ig ueh^d. 

mm MB, fZm -CJt* (n=1 LHTJ lOJ, ay7L U5S7I. -CN. -N(CJk«).(n=1 LH73 10). -COOm^, 
LHS 10). HF. -CI, -Br. -1. -m. -(Kit SOID. 

^t.^ 4^71 m"-^ 2 §21 D=, mm »3 Sh7i str^ oi s= 02S SAias sxf 7m a&7i 

^ 2iQ. 



11 it 




J 2 




T\ -CA^^, (n=o LHT^i 10), itiiy:?L u^a^L ^i:?L awiy:?!, ~n(c„h>«,,:u (n-i uixi lo), - 

COOC«H.«,, (n^l LHXI 10), -F, -CI, -Br, -i, CP. ^OIQK 
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<mt^ Ai4> 



A1 5 




<tm<i^ A]6> 
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atl-, mt^ A12 UiXI A15 gSj R13 LH73 4:± S!:^, £IX^ ^fe :^Sf:?iOiQ. OHM MS, 

R13 LHXI RI7^ -{y^M (n-1 LH73 10)> fly 71, US1?L -CN, -H(aH..*,)r (n-I LHX! 10). -CffiH:«N:„4, 
(n=1 im 10). -F. -Ch ~Br, -I, -OCH,, -OGiis eOlLK 

(HI ^5^ai s DM uH^i a^iioiMAiso^^ M^^o. 01 oiEim tft^M 1 mm mt\ 

01 SEiiie 1.5 LHXl 2.5 SI ODil Dige^^ ifti-gg 0.5 LHXI 1.5 M ^SAiaQ- OIEIS 

tflj-M^Ai^ MEI^(0Mdll01-A1lsm0|e)0jE|§(|r(acac)*). St^OIEIS §1 MSfe" ^ SiQ. 0} 




lEir. E &t!- ^71 EL i:X^2J ^^^:7jt^ t!§5^IA| S.^£DI, DjEi^OT AFg^^ 

^ 2!CK mm #3. ^ (zm ^t:} 2^ (?) AmicHi mmm %i SAf 2s&s 

^xlti- S^a. S£n.. ^ ^EJ 3^ (2)2^ 2!Af (7) AWICHi E- ^^m, ^''Bm. 

^t.K EL ±Xm 2i.QiA1^. ^^##11^ 2IAF -2^ AfOIOil ^^^^#SQ 3 oi^^l- ^^IMm 71-3 

# 7aAi§« -sm^t SOI H^gj-^^o. oiait? # T^imm M7W2,^m wi^ta ^ TSAisz^ai mu 
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1 1 Iff til 

3if AlB ^ SITS SPT a aah. B. AWHI aCMA! SSS tF^AIH 4= STf aD. 
B. 4:JJ nm)M 2i01AJ=- S 521 (Z)a 53 (7) -WIM SSIS 2!71ffS 

IS. ^1 I"^#(iB^&IT^^^ fijg k^^ss ss&HJi S2I 7m im shobai 

SOI SAJSQ. 



<^Mm i> 

JS-i^ ff 




m^m (5)^ 200 A2J ^Jis rJOToi, s^M mgsAj bpi f^^.as sAig^ ^7ij?5&^ra^ 
iaj^l2-ayifei)ola€ (Dilfrir(P^^ 01 ir(Phq).s ^stra^i sag 




01 ^'■irs (5>e ir(Phq),§ SiirM sisej t»wi mm 6.5 ittitiD. st.t 01 s 

aCHAI^ SiM IHSoi CBP2I OlSa iH^OI 5.9 eWlD. 
(B4thocuproine: OlsK BCPEF2 ^^SQ. OlSIt^ BCPS 7-3a^ # ^7:i#2| OISS^ itaS= 

6.2 evoioi, &^¥&2i SidiM M^'H m>9i uiasKfl ^ olsa igsss ?>=a. 
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S|H«A|?|gaLSO|E)^^OiS (OloK AlqOul OiatT Alqg S» 




m\ DISS 59^01 3 § nnmm awios s ^ai 

W2i s:?! a. £t7m sioiAi^, ^^#21- ^ muxi ^^01 ao. m^n. ss(^) 

sjo^ ss3f g?:fHj Mm^m ^ 2i?B iii2f, a ^tjob gioiAi, sme tf^ 

AIS 4= 2iD. 

ss- s^s^is "sm M9in t^s (yiM io:i)m ^titha, 

a ITOS 01^0173^ ^ 3S ^^^M HJtJ ^ g'lTg. ^ S 

4:^^ ^AJCHS ^#eraQ. Oil 2^ 2g£ IxtO'* TorrDiiAi 7\B 

^im 3-01 ^Fcs a ±j.\2\ m^m ssk 01 a ^tXhm aoiAi- ufs- sss mrioii 

ni3M gfstr 2g}73i?Sg 4= aaa. OI7IOijA1 SCH^ ^^ilT^^ir^ CIE (Comission 

Internet loml d Eclairage) ^£ 5fS0fi SOlAi x=0.53 S y=0.4K)l2iP-. ^§1, 01 3?, >e CIE 

at^, 01 a ±j3te\ 34,2dd cd/m om, oi cmsj is.? cd^Asa. 

<4*AID|j 2> 

^Aioi! 2011 sioivM-, 0131-21 gg jy^i^ni^ ^Aioii 1H| s:?! a ^t:^^ e^t.^ =^^m el 

^AIOH ^ a r5i7:i-WI S{01A|^. ^ T^AISOl o^:?! 14^ SAia^ M7^ 7^3 ((i>r- 

H|^liiy)-4-#EFM)(2-Di!l-8-^mElii:a0IM-NI, Cffi)^^Dls (OmL BAlq2fiI ^SSitl-Q. OlSi 

t}- BAiqS ^«Ei^ ^ 7aXi#2J J^W^ im A0I3, OlSsF 5.6 eV^Q. 
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oi:?w, 012^ ^1 § oisti- 5is^# i;>^ s 7373#oi g-^^sf mm h ^aiob 

ej ^71 EL ^XHHI SiOi/i^. ^'&Sa § ?a73#&g OllU^q 5^01 OBSM §S(B)01 g^lTSlW 

a. ii»0B mtm. ^aids ig sst^ m^m s^g #ss^2a. 3 m 

a, 01 ^:7! EL ±7m aOlAi^, IE^S 583 nid)8 EIHS SfstJ fiSlXl^Sg 4^ aKQ. S 
er, Ot^IMAJ SCHS ag^qilSS CIE SJEM SlOfAl >H).53 S! y=0.46OI2D. atf, 01 s^, ^ 

71 a an fISS 38,700 cd/in-012. 01 agS M»4 cd/ASO. 

<^A|Di 3> 

^Aios m 2^01 Ai^, ^"i^soi n^m M-mm &ii 200 a£i ir(Riq),£i sssr^^ 
§s ;i£iora^, 4'ajw 121 el :i:;^a ^^m a M^m^o, a 

tr. 4*At(H} 321 SJ\ EL ^AtCffl t2| EL Sl^ g^3} S-gOil 2|ci 15Eo^SEh 

«7|Ai, S ^Ai0^24 i°7l EL ^X^Ofi SiCHA1^> m^mil} AK3!0fl Q\^m 515^01 ^ ^ 73 

XI#Ol ^iSaOi ^71 Cffigai, ^T^XI^ZJ^ aflU73 S^^Ol SQ, C&EFAi, gS(^)0| 

4^7!t^ S7! EL ±7m DioFOj. ^AlOd 12j g^2|- eStI SSOS 2|tfl ^^1^ m^M m^tmcY. H 3 
2f, 01 ^71 EL ^XKHI 2aOIAI=> iim 598 nsOII E!Hg 2# ^ 2i2Q. S 

0171MAi CIE ^£ SSOil SiOiAl k-0.57 ^ y=0,43OISLK Sm. 01 S^HJ 

^71 a :i»EJ sin 15,^0 cd/ifi'oill, 01 smS 0.2 cd/j\2^D. 

<H|JilDO> 

HliHDtlOlI SlDiAl^. mWm^l LHXI ^SliXi^ SS^SAi lr(RYq)« D|A|rHI ^^71 m%^^ 15^ 5 

-^AIOII m S7} EL ±J}m >M^oF2CK OlSit]- dlil(Si2| S7| a :i73^, ^Al 

Oe 12i ^71 EL2f ^''SOil S\M M^m^€}, £E^^ gOll LHAi ^?«A|^ g^lT £SM 




^^71^]- ^71 EL ±7im imm. ^^m ihj g^s^ g^ti- g^soii bj^h m<^m mmm^o, n § 

a, 01 S7I a d::AHHI SiOiAl^, E^S 645 nirffll WITS 2# 4^ SiSlQ. S£tt, 0171 
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mmM 

{[{I'M. A' '•: 'ji 



= ' ^ . ^ ^ . .. •^2002-0086950 

cd/B'Om. 01 0B2I as SIS O-l cd/ASd. 

iSsti S?M=^SSoi lr(Phq),E^SS S^SmimsKJf 9l£ 2 ITS SSs Q tf^All 

<^A|Ofl 4 LH;q 13> 
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<SAID8 14 UI73 16> 

^AlOil 14Ui73 m\ SiOlAi^. ^^IfS^ SEIMSAi tmi 91 Ai-g& Sliioffi^. ^AIDH 

15] a e^ti- -^^s S7i a 4:Afm af^^^sjq. ^ajou m lnxi ie°i ^:7i a d^XF 
SI EL ±Jt^ ^Aim 121 e7i a ±xm ^^tj- i>*^ofi m^m^ici 

^7\tl a ±Xm QiefOI. ^AIDI lej l^^CHl Hjtii ^^IT ^goFSQ. ^AIOII 

14 LHAi 1621 ^71 a :d::AF2| ^^21 ^l^M ^^71 S ICHI UEMHStD. 

^»Al{Mj 14(ffl [[f-sg SSMei tl-li-M 3£J 13 slU ?IEE7^ 43,000 cd/nfOIJI, 01 

sMS 18,2 cd/A2Q. ^AlOll 50fl [Cfsg s^^MS 32] ^£71- 6.5 %?} 3^ sill tl^^F 

29,500 cd/mT}jJQ, 01 EfflHJ ^^IT 14,2 cd/ASQ. -^'AliSI 16011 imB. ESi^oi tJ-iJ-g 32J ^£ 

7\ 3 ^.^oi 2111 m^7\^ 20JDG cd/ia'OlII, 01 OHEI mm 10.2 cd/A^Q. ^AIM ISHl OfS 

2, ss^ej tht^i ^ 20 %ei m^7\ i?>030 cd/ffi'om, oi mm si^ 8 

cd/ASCh ^AIM 6. 14 LHAI 162j ISF^^Ei t^l,^l 32] 3 % LHAl 20 %°! S^UHIAI gf^?> 

<^A1DII 17> 

mmm\ m^e.m ir(Phq)*i ittmra.. ^"^#01 s^^^ai 4^71 m^^^ cs^ iAiti^ 

miJ-l 8# 6,5 5t,^Bl-^ §1 ?l2lohI2^. ^AjOll 12] EL 4^X1-2^ S^^tJ- 

EL :^JiM AfMfSCK ^tK UMm 172] EL ^AtO« 12] EL iA^2| WSllf 1^ 
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«Ai aSa ^^^ciE 4e 3501 aoiAi x^j.es a y-q.aeoiao. s*^, 01 3^21 as 

9K30 cd/B'OIH, 01 ni2| 4.1 cd/ASQ. 

<^A|OI 18> 

nir°i m^m i! Mgin F-}-^og 01^01X1= SXf-^S 3^01 RAICHS SjgEIOi 01^01^= ^71 EL 

# Afgsraa. 

S7I a itXHHi CHSra, ^AIOJ 12j g^tl SSM ^SStSQ. ^ 3 

MAI aSa ^^WB CIE ssoi sioiAi x-0.37 s H).522a. 01 s^si mn ^s.- 

3100 cd/tfOIIl, 01 ni2| S& AgS l.S cd/AfflD. 

0|^]1^ ^1 ^7Itr ^AIW IBS^a S ^^^^ JISSAI fe^Str D|:i1 JBSS! lr(PNj).# A^gt^°:SA^. s 

^Oil ITOe 0|i?0|73S # a^. BO rafil ^"©S, lr(Phq),2.S OI^OI?a= 30 fiai°l 2» 4=^8 
5 Mgln&SSS 01^0173^ a^Oi ^AjCHS S}#E10| 01^01X1^ ^71 a 4r»g AmS^S 




^:7|*i- a 4:XH» CHSK31, ^A!M 121 3°2f g^SM . ^1 

MAI SOia CIE 4|£ aiM SOIAI x-0.47 S HJ.BIOISJP. a?Lf. 01 S^2| 2311 ?!£t= 
2800 cd/n'om, 01 21= 1-3 cd/A2Q. 
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